Background: International comparison and time trend surveillance of preterm delivery rates is complex. New techniques that could facilitate interpretation of such rates are needed.
Background
International comparison of common complex disease incidences and prevalences are difficult, and no common standard on how to perform such comparisons exist. Several risk factors contribute to a certain common complex trait, but the same factors may have different implications in different populations, resulting in often incomparable crude rates between nations, regions and over time. In obstetrics, preterm delivery rates are reported to be very different, ranging from 5-20%. It is obvious that this to some extent is due to different levels of well known risk factors and contributors of preterm delivery, such as artificial reproductive treatment, multiple births, ethnic admixture and varying extent to which preterm gestations are induced.
Preterm delivery is a serious global health problem and one of the leading causes of child death worldwide [1] . International comparisons of preterm delivery rates are complex, mainly due to the heterogeneity of the preterm populations. Core questions such as "Does the baseline preterm delivery rate differ between populations?" or "Does the preterm delivery rate increase over time?" are difficult to answer due to the number of factors influencing this rate. Different ways of registering gestational age and the use of either pregnancies or children as the observational unit [2] , as well as ethnicity and obstetric and socio-demographic factors, influence numbers and make comparisons challenging [3] . The frequency of several of these risk factors, well known for their association with preterm delivery, also changes over time and differs between countries. Assisted reproduction, high maternal age, primiparity and elective delivery before term have changed in recent years, changes that have been used to explain the increase in preterm delivery rates seen in several countries [4] [5] [6] . Better living conditions, declines in smoking and specific prevention programs may have contributed to the decreased preterm delivery rates seen in a few other countries [7] [8] [9] .
The reported incidences of preterm delivery in the international literature vary considerably between countries and also between ethnic groups within countries [10] . The three Scandinavian countries are similar in terms of antenatal care and socio-demographic factors and they have homogeneous populations that derive from a common Nordic ancestry. Despite this, there are differences in the preterm delivery rates. Denmark has reported a remarkable increase (27%) during the last decade [11] . Norway has also reported an increase, from 7.5% in 1995 to 8.5% in 2002 [12] , whereas Sweden is one of few countries in the world that has reported a decrease in the preterm delivery rate from 6.3% in 1984 to 5.6% in 2001 [7] .
We have previously applied the concept of studying a reference population and defined a group of low-risk primiparous women (Caucasian, 20-40 years of age, with singleton spontaneous pregnancies and spontaneous onset of delivery) in a Danish cohort [11] . The idea was that this simple restriction into a reference population would enable direct comparison of preterm delivery rates and spontaneous preterm delivery rates from different countries per se, without the use of complex statistical techniques as in confounder analyses.
In the current report we use preterm delivery rate as an application of the concept of studying reference populations for international comparison, but we believe that this very simple model can be applied in studies of other complex traits and in other medical disciplines. We aimed to compare data from the three Scandinavian birth registers in Sweden, Denmark, and Norway, respectively, during 1995 through 2004.
Methods
A population-based multinational comparative study was conducted. All live births and stillbirths (≥ 28 weeks) registered from 1995 to 2004 in the medical birth registers in Sweden, Denmark and Norway, were included. These birth registers collect data prospectively, starting at the first antenatal visit. All three data sources contain information on birth weight, gestational age, smoking habits (beginning in 1999 in Norway) and socio-demographic factors as well as complications during pregnancy, delivery and neonatal period.
The Swedish Medical Birth Register is validated annually against the National Population Register using the mother's and the infant's unique personal identification numbers, and contains data on more than 99% of all births. A quality analysis of the register has previously been conducted [13] . In Denmark, linkage of four national registers (the National Patient Register, the Civil Registration System Register, the IVF Register and the Cause of Death Register), using the mother's unique personal identification number, constitutes the Danish Medical Birth Register. A quality analysis of all births registered during one day has been conducted [14] . All records in the Medical Birth Registry of Norway are matched with the files of the Central Person Registry, ensuring medical registration of every newborn in Norway, and the register contains information on very close to all births in the country [15] .
A reference population of pregnant women was designed using the following criteria: 1) maternal age 20-35 at delivery, 2) primiparity, 3) spontaneously conceived pregnancy, i. e. excluding assisted reproduction, 4) singleton pregnancy and 5) woman born in the respective country studied (citizenship at childbirth was used when country of birth was not available). The latter criterion was included to account for differences in rates over time caused by immigration.
In Sweden, there are four bases for calculating gestational age: date of last menstrual period, corrected expected date of parturition according to last menstrual period (corrected according to the length of the menstrual cycle), expected date of parturition according to ultrasound and the estimated gestational age at birth reported by the delivery unit. Using these sources hierarchically, as described in detail elsewhere [16] , the best available estimate of gestational age for each infant is determined and designated best estimate. In Denmark, the designated best clinical estimate of gestational age is based on information from obstetric records (including last menstrual period and ultrasound data) and is reported to the National Patient Register immediately after delivery. In Norway, gestational age determination was based on last menstrual period through 1998. Beginning in 1999, ultrasound-based estimation of gestational age has also been registered. In the case of Norway, we decided to use last menstrual period only in the absence of gestational age determination by ultrasound. We decided to let best estimates for each individual country determine gestational age in this study and cases with unknown gestational age were excluded. To avoid obvious misclassifications of gestational age, deliveries were excluded if the infants' birth weight and length exceeded 4 standard deviations according to national growth curves [17, 18] .
Preterm delivery was defined as delivery occurring between 22 weeks and 0 days and 36 weeks and 6 days of gestation. It was further categorized into: extreme (22 to 27 gestational weeks), very (28 to 31 gestational weeks) and moderate (32 to 36 gestational weeks) preterm delivery. Onset of labor was registered in all three countries as spontaneous, including preterm labor and preterm prelabor rupture of membranes, or iatrogenic, including induced labor or caesarean section. The two latter groups were regarded as iatrogenic preterm births in the present study. In cases of preterm pre-labor rupture of the membranes (ICD 9: 6581; ICD 10: O42), births were regarded as spontaneous preterm births regardless of the reported onset of labor. The onset of labor variable in The Swedish Medical Birth Register has been validated in a small pilot study based on previously published data [19] and was found to be reliable [16] .
Time trends were assessed using simple logistic regression analyses with dichotomized variables as outcome variables and year of birth as the only independent variable. Pvalues < 0.05 were considered statistically significant. To test for homogeneity of the ORs across the three local estimates (OR i ), the log (OR i *): s were weighted according to precision to compute a pooled estimate (OR m ): OR m * = exp(Σ(w i (log(OR i *))/Σw i ), w i = 1/V(log(OR i *)), and the test statistics used was X i = (Σ(w i (log(OR i *) -log(OR m *)) 2 , which was compared to the χ 2 (2) -distribution.
The ethics committee in Sweden approved the study. In Denmark and Norway register-based studies are exempt from such approval.
Results
The total population undergoing analysis constituted 2 111 014 deliveries of which 912 227 (43.2%) were Swedish, 648 388 (30.7%) were Danish and 550 399 (26.1%) were Norwegian. Less than 1.5% of the total number of registered deliveries in the three Scandinavian countries from 1995 to 2004 was excluded due to missing gestational age or obvious misclassification.
Preterm delivery rates, proportions of known risk factors and proportions of the reference populations in the respective national figures are presented in Tables 1 to 3 , according to gestational age and year of birth for each country. The total preterm delivery rate (< 37 completed gestational weeks) increased in both Denmark (p < 0.001) and Norway (p = 0.006), but was unchanged in Sweden over the decade. The proportions of the different risk factors changed over time, but the tendencies were rather similar in the three countries, except an unchanged proportion of multiple births in Sweden (p = 0.48), while significant increases occurred in both Denmark and Norway (p < 0.001). The proportion of the reference population in the national population increased significantly in Sweden (p < 0.001) during this decade, while decreasing in Denmark and Norway (p < 0.001).
The reference population in each country is described in detail in Table 4 . The proportion of preterm delivery according to gestational age, country and year of birth are presented. In Denmark, the preterm delivery rate in the reference population increased significantly (p < 0.001). This increase was evident among moderate (32-36 weeks) preterm deliveries. In Sweden, the rate of preterm delivery in the reference population was unchanged, while there was a small, but significant (p = 0.018), reduction in Norway. The test for homogeneity of trends shows that there are differences between the three countries in terms of the preterm delivery rate in the reference population, evident at gestational age 32-36 weeks (p < 0.001) and 28-31 weeks (p = 0.0034).
Rates of spontaneous preterm delivery compared to the total number of deliveries in the reference population are presented according to gestational age, country and year of birth in Table 5 . The Danish spontaneous preterm delivery rate increased significantly (p < 0.001) from 1995 to 2004. In Sweden, the incidence was unchanged (p = 0.64). In Norway there was a major change in registration in 1999, which is clearly visible in the figures. From 1999 to 2004, the rate of spontaneous preterm deliveries in the reference population was unchanged (p = 0.63). If trends are tested from 1995 to 2004, there was a significant reduction.
Discussion
The design and use of reference populations when analyzing Scandinavian birth register data show that changes in maternal age, parity, assisted reproduction, multiple births and immigration can explain the increase in preterm birth in countries such as Norway. However, these factors cannot explain the increase in Denmark and no trend was found in the Swedish data.
By utilizing reference populations as a supplement to the more general surveillance methods, reporting national crude preterm delivery proportions can elucidate that the traditional and well known risk factors don't have the impact in a population as previously believed, such as in the case with Denmark. This can open up the search for new risk factors. Furthermore, the use of reference populations gives the opportunity to perform more specific surveillance of low-risk patients and the most important and least well understood subgroup of preterm delivery, the spontaneous onset births. The proposed method is clearly meant as a supplement to reporting of national crude preterm delivery proportions and especially well designed for easy international comparison.
The model using a reference population was applied to control for known confounding from major risk factors that vary over time and between countries. The factors used to identify the reference population were selected from a combination of clinical experience, availability and literature reviews of risk factors for preterm delivery. It might, for instance, be argued that smokers should be eliminated from the reference population as smoking is relatively common and increases the risk of preterm delivery. However, registration of smoking is often not valid or even omitted. Inclusion of such factors would decrease the validity of data and the number of countries from which data could be obtained and was thus rejected. Calculation of the national rates as well as the rate in the reference population can provide answers to several questions that would otherwise require complex statistics, i.e. "Is there a basic rate of preterm delivery?" "Has it changed over time?" "Can the factors eliminated in the reference population explain changes across populations or over time?" The suggested model can thus facilitate P-values for trend are presented. 1 Primiparous: the index pregnancy resulted in delivery for the first time. 2 Induced delivery or caesarean section. 3 Reference population: 20 -35-years-old primiparas, born in Sweden, with singleton, spontaneously conceived pregnancies. 4 p-values obtained from simple logistic regression analyses with the dichotomized variables specified as outcome variables, and year of birth as the only independent variable. 5 (I) = Increase 6 (R) = Reduction meaningful international comparison. The omission of smoking clearly illustrates that this model cannot replace more complex analyses such as logistic regression analyses.
The complexity of the entity under study and the fact that the data used in this study was from three secondary data sources (The three Scandinavian birth registers), resulted in that the final decisions made about which criteria that should be used to define the reference population to a great extent were compromises. This kind of data limited our access to some variables, as is the case in terms of information related to previous induced abortion and late second trimester abortions. However, we believe that we have decided upon the criteria for the reference population in a way that optimizes the ability to use this subpopulation for international comparison.
Increasing ethnic diversity, increasing contribution from assisted reproduction, increasing number of multiple births, increasing maternal age and increasing relative number of iatrogenic preterm deliveries have all been used previously as arguments for increasing preterm delivery rates [4] [5] [6] 20] . Primiparity was reduced in Denmark, which should have contributed to a decreasing preterm delivery rate. Multiple pregnancies increased in both Denmark and Norway, while remaining unaltered in Sweden. Despite rather consistent changes in risk factors among the Scandinavian countries, clear differences were evident in terms of time trends for the proportion of spontaneous preterm deliveries in the reference population. In our opinion, this indicates that current understanding of different risk factors and their respective contributions to the changing preterm delivery rate is incomplete.
The recent temporal increase in the overall preterm delivery rate in both the United States and France is said to be driven by an impressive concomitant increase in medically indicated preterm deliveries [4, 21] . Our data shows an increasing number of iatrogenic preterm deliveries in all three Scandinavian countries, which should contribute to an increased total preterm delivery rate. Furthermore, according to the literature, the increasing incidence of multiple pregnancies associated with assisted reproduction is another main cause of increased preterm delivery rates [4, [22] [23] [24] . The availability and use of these techniques have increased in all three countries. However, neither medically indicated nor multiple preterm deliveries can be the only explanation for the increased rate of spontaneous preterm delivery found in the Danish reference population, as was argued in previous reports, which illustrates the benefit of using this method. It is therefore P-values for trend are presented. 1 Primiparous: the index pregnancy resulted in delivery for the first time. 2 Induced delivery or caesarean section. 3 Reference population: 20 -35-years-old primiparas, born in Denmark, with singleton, spontaneously conceived pregnancies. 4 p-values obtained from simple logistic regression analyses with the dichotomized variables specified as outcome variables, and year of birth as the only independent variable. 5 (I) = Increase 6 (R) = Reduction P-values for trend are presented. 1 Primiparous: the index pregnancy resulted in delivery for the first time. 2 Induced delivery or caesarean section. 3 Reference population: 20 -35-years-old primiparas, born in Norway, with singleton, spontaneously conceived pregnancies. 4 p-values obtained from simple logistic regression analyses with the dichotomized variables specified as outcome variables, and year of birth as the only independent variable. 5 (I) = Increase 6 (R) = Reduction clear that the medically indicated and multiple preterm deliveries cannot be the only explanation for increased preterm delivery rates, as argued by previous reports.
It is well known that gestational age determination by ultrasound increases the incidence of preterm delivery [6] . Might not the increase in preterm delivery rates in Denmark and Norway just be the result of an increased use of ultrasound? Gestational age determination by ultrasound has, however, been extensively used during the whole study period and there has been no recent change in clinical guidelines in any of the three countries. A Danish study of a cohort from 1990-1999 reported that the reduction in gestational age during the study period occurred regardless of whether the calculation was based on the last menstrual period or on ultrasound [25] . It thus seems that there has been a true decrease in gestational age over the study period.
A factor not accounted for in the current study is smoking. Smoking during pregnancy is a well known risk factor for preterm delivery and one that is reducible. Smoking was not registered in The Medical Birth Registry of Norway until 1999. There has been a substantial decrease in smoking during pregnancy in all three countries during the study period [7, 11, 26] . These figures are similar in the three Scandinavian countries and should most likely have contributed to a decreased preterm delivery rate; they can therefore not explain the diversities found.
The increased spontaneous preterm delivery rate found in the Danish reference population is a cause for concern and most certainly a true and reliable finding. Several possible explanations exist: increased/altered genital infections, increased maternal stress during pregnancy, changed dietary intake, increased occurrence of chronic maternal disease during pregnancy, altered clinical management and changes and deterioration in antenatal care. The current study cannot answer this question; future studies are thus required.
Total preterm delivery rates, based on crude national figures, do not necessarily provide overview of development over time. This is illustrated by the Norwegian national crude data indicating an increased preterm delivery problem, while findings in the reference population gave no reason for concern. In Denmark, the increasing preterm delivery rate was also seen in the reference population, including among the spontaneous preterm deliveries. Using reference populations in the assessment and comparison of preterm delivery rates is simple and may in the future prove useful at the local, national and international level as it facilitates interpretation without the use of complex statistics. This method may thus yield more adequate time trend analyses, facilitating international comparison.
Conclusion
Reference populations can facilitate overview and thereby explanations for changing preterm delivery rates. The 
